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Clinical PerspectiveWhat Is New?The Thrombolysis in Myocardial Infarction Risk Score for Secondary Prevention, a simple scoring system with 9 routine clinical factors predicting adverse outcome after recent myocardial infarction, is modestly predictive in international settings with different demographic and clinical characteristics.What Are the Clinical Implications?The Thrombolysis in Myocardial Infarction Risk Score for Secondary Prevention is useful to estimate the risk of secondary events among patients with a recent myocardial infarction in a broad range of clinical settings.Given its simple scoring system with routinely collected variables, the Thrombolysis in Myocardial Infarction Risk Score for Secondary Prevention will help healthcare providers easily acknowledge the risk of patients based on patients' clinical conditions and guide risk‐centered management in patients with recent myocardial infarction.

Introduction {#jah33298-sec-0008}
============

Patients with recent myocardial infarction (MI) are generally at high risk of subsequent adverse events.[1](#jah33298-bib-0001){ref-type="ref"}, [2](#jah33298-bib-0002){ref-type="ref"}, [3](#jah33298-bib-0003){ref-type="ref"}, [4](#jah33298-bib-0004){ref-type="ref"}, [5](#jah33298-bib-0005){ref-type="ref"} Of importance, a large risk variation is recognized among patients with MI depending on demographics, comorbidities, and severity of MI.[6](#jah33298-bib-0006){ref-type="ref"}, [7](#jah33298-bib-0007){ref-type="ref"} Risk stratification is important because it may influence the selection of secondary preventive therapy, such as intensive antiplatelet therapy where benefit may only outweigh harm in higher risk patients but not among lower risk ones.[8](#jah33298-bib-0008){ref-type="ref"}, [9](#jah33298-bib-0009){ref-type="ref"}, [10](#jah33298-bib-0010){ref-type="ref"} In this context, the Thrombolysis in Myocardial Infarction (TIMI) Study Group recently developed a simple scoring system, the TIMI Risk Score for Secondary Prevention (TRS2°P).[10](#jah33298-bib-0010){ref-type="ref"} This risk stratification tool is for classifying the risk of secondary outcomes among patients with recent MI, using 9 clinical and behavioral factors readily available in clinical practice. TRS2°P has been recently validated outside of a clinical trial setting in 2 US regional healthcare systems[11](#jah33298-bib-0011){ref-type="ref"} but not in other countries or regions. External validation and replication in diverse real‐world settings should be requisite for implementation of the algorithm in clinical practice. Therefore, we examined the performance of TRS2°P for predicting major adverse cardiovascular events (MACEs) after recent MI in 5 cohorts (from New Zealand, South Korea, Sweden, and the United States) participating in an international consortium, the Chronic Kidney Disease Prognosis Consortium (CKD‐PC). To identify potential explanations for varying performance of TRS2°P across those 5 cohorts, we quantified the associations of each predictor with MACEs as well.

Methods {#jah33298-sec-0009}
=======

Because of the data use agreement with participating cohorts of the CKD‐PC, the study data and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. However, it is possible to obtain ARIC (Atherosclerosis Risk in Communities Study) data from the National Heart, Lung, and Blood Institute BioLINCC repository.[12](#jah33298-bib-0012){ref-type="ref"}

Study Design and Participants {#jah33298-sec-0010}
-----------------------------

This study was performed as an ancillary study of CKD‐PC. CKD‐PC currently consists of \>11 million participants from \>70 cohorts with detailed clinical and outcome data (eg, mortality and end‐stage renal disease) from \>40 countries.[13](#jah33298-bib-0013){ref-type="ref"}, [14](#jah33298-bib-0014){ref-type="ref"} For this specific study, based on data collected as part of the CKD‐PC, we identified 5 studies with ≥1000 MI cases during follow‐up that could be linked to data on the 9 predictors of TRS2°P. These 5 studies included the ARIC and the RCAV (Racial and Cardiovascular Risk Anomalies in CKD Cohort) from the United States, the SCREAM (Stockholm Creatinine Measurements Cohort) from Sweden, the KHS (Korean Heart Study) from South Korea, and the NZDCS (New Zealand Diabetes Cohort Study) from New Zealand. A total of 53 599 patients with recent acute MI who survived at least 2 weeks from index date of MI were included in this study, to be in line with inclusion criteria of the derived study population of TRA2°P (Thrombin Receptor Antagonist in Secondary Prevention of Atherothrombotic Ischemic Event)‐TIMI50.[10](#jah33298-bib-0010){ref-type="ref"} Details of the study design and the approach for identifying recent MI cases in each cohort are summarized in Data [S1](#jah33298-sup-0001){ref-type="supplementary-material"} and [S2](#jah33298-sup-0001){ref-type="supplementary-material"}. This study was approved as not human subject research by the institutional Review Board at the Johns Hopkins Bloomberg School of Public Health because of its nature of pre‐existing deidentified secondary data analysis.

Nine Predictors Used in TRS2°P {#jah33298-sec-0011}
------------------------------

The following 9 predictors in TRS2°P were identified in each of the 5 studies (Data [S1](#jah33298-sup-0001){ref-type="supplementary-material"}): heart failure (yes versus no), hypertension (yes versus no), age (≥ versus \<75 years), diabetes mellitus (yes versus no), prior stroke (yes versus no), prior coronary artery bypass grafting (CABG) (yes versus no), peripheral artery disease (yes versus no), reduced kidney function (estimated glomerular filtration rate \< versus ≥60 mL/min per 1.73 m^2^), and current smoking (yes versus no).[10](#jah33298-bib-0010){ref-type="ref"} We calculated estimated glomerular filtration rate using the creatinine equation from the Chronic Kidney Disease Epidemiology Collaboration.[15](#jah33298-bib-0015){ref-type="ref"} Based on the presence and absence of these 9 predictors, TRS2°P ranged from 0 to 9.

Outcomes {#jah33298-sec-0012}
--------

The primary outcome of interest was MACE, defined by a composite of cardiovascular death, recurrent MI, or ischemic stroke.[10](#jah33298-bib-0010){ref-type="ref"} Cardiovascular death was defined as death caused by MI, heart failure, stroke, or sudden cardiac death as the primary cause. All‐cause death was investigated in RCAV since cause of death was not available. Patients were followed until date of MACE, death, or the end of follow‐up, whichever came first.

Statistical Analysis {#jah33298-sec-0013}
--------------------

Baseline characteristics of individuals with recent MI in each study were summarized as mean and SD or median and interquartile range for continuous variables and percentage for categorical variables. Subsequently, we determined prediction statistics in a 3‐year time frame with fine categories of TRS2°P 0, 1, 2, 3, 4, 5, 6, and ≥7 as carried out in its derived data set.[10](#jah33298-bib-0010){ref-type="ref"} As a measure of discrimination, we estimated Harrell\'s C‐statistic.[16](#jah33298-bib-0016){ref-type="ref"} For calibration, we plotted predicted risk based on TRS2°P against observed risk in each study and calculated a modified Hosmer‐Lemeshow χ^2^ statistic.[17](#jah33298-bib-0017){ref-type="ref"} We also calculated the Brier score,[18](#jah33298-bib-0018){ref-type="ref"} the average squared deviation between predicted by TRS2°P and observed event rates (a lower score represents better calibration). Observed risk was estimated using the Kaplan--Meier method in each study.

Since we observed suboptimal calibration in several cohorts as presented subsequently, we tried to recalibrate using 2 methods: applying the risk difference between observed versus predicted in the most prevalent score category in each cohort to the predicted risk of every patient (Recalibration 1) and applying the weighted mean risk difference between observed versus predicted risk across score categories in each cohort to the predicted risk of every patient (Recalibration 2).

In RCAV without data on cause of mortality, the Harrell\'s C‐statistic and Brier score, which require individual‐level outcome information, were based on the combination of all‐cause mortality, recurrent MI, or ischemic stroke. However, where individual data were not required, the Hosmer--Lemeshow χ^2^ statistic was based on 2 scenarios of cardiovascular death accounting for 50% and 41% of all‐cause death based on the distributions observed in the other 4 cohorts. In 2 cohorts without data on smoking (RCAV and SCREAM), we simulated the 3‐year risk in smokers and nonsmokers based on reported prevalence and relative risk of smoking. Details of this hypothetical estimation are summarized in Figure [S1](#jah33298-sup-0001){ref-type="supplementary-material"}.

To examine variation in discrimination of TRS2°P across the 5 cohorts, we first quantified the independent association of the 9 predictors with the risk of MACE. We used Cox proportional hazards models as done in the original study that developed TRS2°P.[10](#jah33298-bib-0010){ref-type="ref"} Pooled hazard ratios and 95% confidence intervals (CIs) were estimated using a random‐effects meta‐analysis. Heterogeneity was evaluated by the χ^2^ test and the I^2^ statistic.

For sensitivity analyses, we repeated analyses by stratifying the study sample by sex and race. For race, according to availability and diversity of racial groups, we only analyzed whites and blacks in 2 US cohorts (ARIC and RCAV).

All analyses were conducted with the use of Stata software, version 14.2, and a *P* value of \<0.05 was deemed statistically significant.

Results {#jah33298-sec-0014}
=======

Baseline Characteristics {#jah33298-sec-0015}
------------------------

Baseline characteristics of a total of 53 599 patients with recent MI in each study are shown in Table [1](#jah33298-tbl-0001){ref-type="table"}. The median age of patients with MI ranged from 61 to 72 years across the 5 studies. About 40% were women in ARIC, SCREAM, and NZDCS, whereas RCAV and KHS had lower proportions of women (2% and 19%, respectively). Whites made up the majority among racial groups in all studies except KHS, which included 100% Asians. There were 26% of patients with black race in ARIC and 15% in RCAV. The prevalence of heart failure was lowest in KHS (2%). The prevalence of history of CABG was ≈10% in ARIC, RCAV, and NZDCS, but 2% to 3% in SCREAM and KHS. The prevalence of peripheral artery disease was strikingly high in RCAV (51% versus ≤13% in the other cohorts). The prevalence of smoking was highest in KHS (50%).

###### 

Basic Characteristics of Included Studies

                                                               ARIC              RCAV          SCREAM        KHS                    NZDCS                            TRA2°P‐TIMI50[a](#jah33298-note-0003){ref-type="fn"}
  ------------------------------------------------------------ ----------------- ------------- ------------- ---------------------- -------------------------------- ------------------------------------------------------------
  Cohort characteristics                                                                                                                                             
  Region                                                       US                US            Sweden        South Korea            New Zealand                      32 countries in Europe, America, Africa, Asia, and Oceania
  Database                                                     Community‐based   EMR‐based     EMR‐based     Health check‐up data   EMR‐base for diabetes mellitus   Clinical trial
  MI cases                                                     1711              9090          38 171        2912                   1715                             8598
  Median follow‐up, y[b](#jah33298-note-0004){ref-type="fn"}   5.2               0.8           3.9           3.4                    4.8                              2.5
  Calendar year                                                1987--2013        2006--2013    1996--2012    2004--2013             2000--2007                       2007--2009
  Demographics                                                                                                                                                       
  Age, y                                                       68 (62, 74)       64 (60, 72)   61 (51, 71)   61 (53, 68)            72 (62, 79)                      59 (51, 66)
  Female                                                       41%               2%            38%           19%                    40%                              20%
  Race                                                                                                                                                               
  White                                                        74%               81%           100%          0%                     65%                              88%
  Black                                                        26%               15%           0%            0%                     0%                               NA
  Asian                                                        0.2%              0.2%          0%            100%                   6%                               NA
  Others                                                       0%                4%            0%            0%                     29%                              NA
  TRS2°P predictors                                                                                                                                                  
  Heart failure                                                17%               43%           26%           2%                     5%                               9%
  Hypertension                                                 75%               94%           44%           75%                    93%                              63%
  Age (75 y+)                                                  23%               19%           15%           22%                    40%                              8%
  Diabetes mellitus                                            39%               61%           19%           31%                    100%                             22%
  Stroke                                                       8%                11%           9%            8%                     2%                               3%
  CABG                                                         10%               9%            2%            3%                     7%                               14%
  Peripheral artery disease                                    11%               51%           6%            3%                     13%                              13%
  Kidney dysfunction[c](#jah33298-note-0005){ref-type="fn"}    33%               39%           15%           6%                     28%                              12%
  Current smoking                                              11%               NA            NA            50%                    16%                              20%

Continuous variable presented as median (interquartile range). ARIC indicates Atherosclerosis Risk in Communities; CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate; EMR, electronic medical record; *ICD*,*International Classification of Diseases*; KHS, Korean Heart Study; MI, myocardial infarction; NA, not available; NZDCS, New Zealand Diabetes Cohort Study; RCAV, Racial and Cardiovascular Risk Anomalies in CKD Cohort; SCREAM, Stockholm Creatinine Measurements Cohort; TRA2°P‐TIMI50, Thrombin Receptor Antagonist in Secondary Prevention of Atherothrombotic Ischemic Event‐TIMI 50.

Basic characteristics were derived from TRA2°P‐TIMI 50 study that has been reported.[10](#jah33298-bib-0010){ref-type="ref"} Races other than White are not available.

Follow‐up after incident MI.

Kidney dysfunction: eGFR \<60 mL/min per 1.73 m^2^ or chronic kidney disease based on *ICD* codes.

John Wiley & Sons, Ltd

The distribution of TRS2°P risk scores among patients with MI in each cohort is shown in Figure [1](#jah33298-fig-0001){ref-type="fig"}. In the 3 studies with all 9 predictors available, the most prevalent score was 2 in ARIC and KHS but 3 in NZDCS, which by design only enrolled individuals with diabetes mellitus. In SCREAM without data on smoking status, the score 0 to 1 was most prevalent. Despite the same level of missing data on smoking status, the most prevalent score was 3 to 4 in RCAV. The prevalence of high‐risk category with TRS2°P ≥3[10](#jah33298-bib-0010){ref-type="ref"} was the highest in NZDCS (67%), followed by RCAV (52%), ARIC (40%), and KHS (28%), and SCREAM (19%).

![Distribution (%) of the TRS2°P risk score in the 5 cohorts. RCAV and SCREAM do not have smoking data. ARIC indicates Atherosclerosis Risk in Communities Study; KHS, Korean Heart Study; NZDCS, New Zealand Diabetes Cohort Study; RCAV, Racial and Cardiovascular Risk Anomalies in CKD Cohort; SCREAM, Stockholm Creatinine Measurements Cohort; TRA2°P‐TIMI50, Thrombin Receptor Antagonist in Secondary Prevention of Atherothrombotic Ischemic Event‐TIMI50.](JAH3-7-e008426-g001){#jah33298-fig-0001}

Descriptive Statistics of MACE {#jah33298-sec-0016}
------------------------------

There were 19 444 cases of MACE across 5 studies over a median follow‐up of 1 to 5 years (Table [2](#jah33298-tbl-0002){ref-type="table"}). The proportion of censoring varied from 0% in NZDCS to ≈24% in KHS. In terms of the pattern of individual cardiovascular outcomes, recurrent MI was consistently more common than ischemic stroke in all studies, although the degree of difference varied substantially across the studies. The crude incidence rates of cardiovascular death and recurrent MI were similar in ARIC and SCREAM. The crude incidence rate of recurrent MI was much higher in RCAV compared with other cohorts (10.5 versus ≤4.0 incidence rate per 100 person‐years). As noted, cardiovascular deaths accounted for 41% to 50% of all deaths in the 4 studies with available data.

###### 

Number of Cardiovascular Outcomes and Follow‐Up Time

                                                ARIC (N=1711)     RCAV (N=9090)    SCREAM (N=38 171)   KHS (N=2912)     NZDCS (N=1715)
  --------------------------------------------- ----------------- ---------------- ------------------- ---------------- ----------------
  MACE[a](#jah33298-note-0007){ref-type="fn"}                                                                           
  Cases                                         762               4853             12 702              586              541
  Follow‐up, y                                  5.2 (1.4, 11.0)   0.8 (0.3, 3.4)   3.9 (1.3, 7.5)      3.4 (0.9, 6.6)   4.8 (1.5, 7.9)
  Crude IR (per 100 PYs)                        6.5               18.4             6.9                 5.0              6.5
  Cumulative incidence at 3 y                   23.1%             43.1%            22.2%               18.9%            21.0%
  Censoring other than deaths within 3 y        7.1%              15.5%            15.1%               24.4%            0%
  Cardiovascular death                                                                                                  
  Cases                                         433               NA               6142                134              198
  Follow‐up, y                                  7.6 (2.7, 13.6)   NA               5.1 (2.2, 8.8)      4.5 (1.7, 7.3)   6.3 (2.2, 8.4)
  Crude IR (per 100 PYs)                        2.9               NA               2.8                 1.0              2.1
  Cumulative incidence at 3 y                   10.1%             NA               8.3%                3.4%             8.0%
  Recurrent MI                                                                                                          
  Cases                                         442               2794             6991                468              292
  Follow‐up, y                                  5.7 (1.6, 11.4)   0.9 (0.0, 3.5)   4.2 (1.5, 7.9)      3.4 (0.9, 6.6)   5.2 (1.7, 8.0)
  Crude IR (per 100 PYs)                        3.6               10.5             3.6                 4.0              3.4
  Cumulative incidence at 3 y                   14.3%             28.5%            13.4%               16.3%            10.7%
  Ischemic stroke                                                                                                       
  Cases                                         149               282              3482                33               154
  Follow‐up, y                                  6.8 (2.2, 12.7)   2.7 (0.8, 5.0)   4.8 (1.9, 8.4)      4.5 (1.7, 7.3)   5.8 (2.0, 8.3)
  Crude IR (per 100 PYs)                        1.1               0.9              1.7                 0.2              1.7
  Cumulative incidence at 3 y                   4.3%              2.4%             5.5%                0.6%             5.7%
  All‐cause death                                                                                                       
  Cases                                         974               3128             15 123              320              1029
  Follow‐up, y                                  7.6 (2.7, 13.6)   2.8 (0.9, 5.2)   5.1 (2.2, 8.8)      4.5 (1.7, 7.3)   6.3 (2.2, 8.4)
  Crude IR (per 100 PYs)                        6.6               9.3              6.9                 2.3              11.0
  Cumulative incidence at 3 y                   20.2%             23.8%            17.4%               8.0%             31.1%

Follow‐up presented as median (interquartile range). ARIC indicates Atherosclerosis Risk in Communities; IR, incidence rate; KHS, Korean Heart Study; MACE, major adverse cardiovascular event; MI, myocardial infarction; NA, not available; NZDCS, New Zealand Diabetes Cohort Study; PYs, person‐years; RCAV, Racial and Cardiovascular Risk Anomalies in CKD Cohort; SCREAM, Stockholm Creatinine Measurements Cohort; TRA2°P‐TIMI50, Thrombin Receptor Antagonist in Secondary Prevention of Atherothrombotic Ischemic Event‐TIMI50.

MACE was defined as cardiovascular death, recurrent MI, and ischemic stroke. RCAV does not have cardiovascular death data, so all‐cause death is reflected.

John Wiley & Sons, Ltd

Prediction Statistics {#jah33298-sec-0017}
---------------------

Figure [2](#jah33298-fig-0002){ref-type="fig"} contrasts predicted risk based on fine categories of TRS2°P and observed risk in each study. Overall, patients with higher predicted risk of MACE tended to have higher observed risk in all studies, indicating reasonable risk discrimination. The C‐statistic was highest in SCREAM (0.685 \[95% CI 0.679--0.691\]), followed by RCAV (0.631 \[0.622--0.639\]), NZDCS (0.614 \[0.586--0.643\]), and ARIC (0.612 \[0.584--0.640\]). The C‐statistic was lowest in KHS (0.545 \[0.519--571\]). The C‐statistics in SCREAM and RCAV were comparable with the original C‐statistic in the TRS2°P derived data set of 0.67.[10](#jah33298-bib-0010){ref-type="ref"}

![Three‐year probability of major adverse cardiovascular event (MACE) by the TRS2°P. For RCAV, cardiovascular death was assumed to be 50% of all‐cause death because of lack of information on cardiovascular death, but the C‐statistic is not reflected. All NZDCS participants had a diagnosis of diabetes mellitus according to their primary care provider. The 9 risk predictors are heart failure, hypertension, age (≥75 y), diabetes mellitus, stroke, coronary bypass graft surgery, peripheral artery disease, kidney dysfunction, and smoking. ARIC indicates Atherosclerosis Risk in Communities Study; KHS, Korean Heart Study; NZDCS, New Zealand Diabetes Cohort Study; RCAV, Racial and Cardiovascular Risk Anomalies in CKD Cohort; SCREAM, Stockholm Creatinine Measurements Cohort; TRA2°P‐TIMI50, Thrombin Receptor Antagonist in Secondary Prevention of Atherothrombotic Ischemic Event‐TIMI50.](JAH3-7-e008426-g002){#jah33298-fig-0002}

In terms of calibration, predicted risk by TRS2°P tended to be lower than the observed risk of MACE (ie, underestimation) consistently in all 5 cohorts, with particularly evident difference in SCREAM (Figure [2](#jah33298-fig-0002){ref-type="fig"}). Hosmer‐Lemeshow χ^2^ indicated a significant difference between the predicted and observed risks in every study (*P*\<0.001). For RCAV, the alternative assumption of 41% of all‐cause death from cardiovascular causes demonstrated similar patterns (Figure [S1](#jah33298-sup-0001){ref-type="supplementary-material"}). For KHS, the difference between the predicted and observed risks were evident at the score \<3 and ≥6. The Brier score, which is an overall performance measure, was 0.144 to 0.173 across 5 studies, while the original Brier score for TRS2°P in its derived data set was 0.098.[10](#jah33298-bib-0010){ref-type="ref"} Both recalibration approaches substantially improved the calibration of TRS2°P in most cohorts (Figure [S2](#jah33298-sup-0001){ref-type="supplementary-material"}), with calibration χ^2^ statistics \<50 in ARIC, RCAV, KHS, and NZDCS.

When we analyzed men and women separately, we observed largely similar results for both sexes within each cohort (Figure [S3](#jah33298-sup-0001){ref-type="supplementary-material"}). For racial groups in 2 US cohorts, risk discrimination was similar in whites and blacks in both cohorts (Figure [S4](#jah33298-sup-0001){ref-type="supplementary-material"}). For calibration, the difference between observed versus predicted risk appeared greater in blacks than whites in ARIC (Brier score 0.231 versus 0.147). However, such a racial difference was not observed in RCAV.

When we simulated current smoking status in SCREAM and RCAV under the assumption of current smoking prevalence rates of 29% for SCREAM[19](#jah33298-bib-0019){ref-type="ref"} and 45% for RCAV[20](#jah33298-bib-0020){ref-type="ref"} and a hazard ratio of 1.47,[10](#jah33298-bib-0010){ref-type="ref"} the calibration plots were similar to the primary analysis (which did not account for smoking status) except for the score ≥7 in SCREAM (Figure [S5](#jah33298-sup-0001){ref-type="supplementary-material"}). The variation of these assumptions influenced estimated risk by not \>10% in general (Table [S1](#jah33298-sup-0001){ref-type="supplementary-material"}).

Figure [3](#jah33298-fig-0003){ref-type="fig"} shows 3‐year risk estimates of MACE by the broader categories of TRS2°P corresponding to low, intermediate, and high risk (0, 1--2, and ≥3, respectively) proposed in the original TRS2°P article.[10](#jah33298-bib-0010){ref-type="ref"} In every cohort, overall, higher TRS2°P (particularly ≥3) was consistently associated with higher risk of MACE, with risk gradient of 3‐ to 5‐fold between low‐ and high‐risk categories in ARIC, RCAV, and SCREAM. NZDCS demonstrated a 2‐fold risk gradient between high versus intermediate risk, which is similar to the aforementioned 3 studies. KHS demonstrated the least separation of risk among the 3 risk categories based on TRS2°P.

![Three‐year risk for major adverse cardiovascular event (MACE) by categories based on TRS2°P (0 point=low 1--2=intermediate ≥3=high). For RCAV, cardiovascular death was assumed to be 50% of all‐cause death because of lack of information on cardiovascular death. The NZDCS cohort participants all have diabetes mellitus and thus none are considered low risk. The 9 risk predictors are heart failure, hypertension, age (≥75 y), diabetes mellitus, stroke, coronary bypass graft surgery, peripheral artery disease, kidney dysfunction, and smoking. ARIC indicates Atherosclerosis Risk in Communities Study; MI, myocardial infarction; KHS, Korean Heart Study; NZDCS, New Zealand Diabetes Cohort Study; RCAV, Racial and Cardiovascular Risk Anomalies in CKD Cohort; SCREAM, Stockholm Creatinine Measurements Cohort; TRA2°P‐TIMI50, Thrombin Receptor Antagonist in Secondary Prevention of Atherothrombotic Ischemic Event‐TIMI50.](JAH3-7-e008426-g003){#jah33298-fig-0003}

Relative Risk of MACE for Individual Predictors Across 5 Studies {#jah33298-sec-0018}
----------------------------------------------------------------

When we looked at the hazard ratio of MACE for each of the 9 predictors, age ≥75 years was the only risk factor significantly associated with MACE in every cohort, with the highest meta‐analyzed hazard ratio of 1.68 (95% CI, 1.25--2.26) (Table [3](#jah33298-tbl-0003){ref-type="table"}). History of heart failure and stroke showed similar meta‐analyzed hazard ratios (1.67 \[1.50--1.85\] and 1.62 \[1.36--1.92\], respectively), although they did not reach statistical significance in NZDCS. Peripheral artery disease, hypertension, diabetes mellitus, and kidney dysfunction had significant associations, with slightly smaller meta‐analyzed hazard ratios of 1.3 to 1.4 compared with the aforementioned 3 potent risk factors. Prior CABG demonstrated significantly positive associations with MACE in ARIC, SCREAM, and NZDCS, but its meta‐analyzed hazard ratios were ≈1.1 and did not reach statistical significance. Current smoking was not significantly associated with MACE in any of the 3 studies with available data. I^2^ statistic indicated high heterogeneity for age, stroke, CABG, kidney dysfunction, and current smoking, but a majority of cohorts demonstrated qualitatively consistent associations even for these risk factors (Figure [S6](#jah33298-sup-0001){ref-type="supplementary-material"}).

###### 

Multivariable Risk Stratification Model for MACE

  9 Predictors                                             ARIC (N=1711)                                              RCAV[a](#jah33298-note-0010){ref-type="fn"} (N=9090)       SCREAM (N=38 171)                                          KHS (N=2912)                                               NZDCS[b](#jah33298-note-0011){ref-type="fn"} (N=1715)      Pooled[c](#jah33298-note-0012){ref-type="fn"} (N=53 599)
  -------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------
  Heart failure                                            1.94 (1.62--2.33)[d](#jah33298-note-0013){ref-type="fn"}   1.51 (1.38--1.66)[d](#jah33298-note-0013){ref-type="fn"}   1.73 (1.67--1.80)[d](#jah33298-note-0013){ref-type="fn"}   1.71 (1.09--2.70)[d](#jah33298-note-0013){ref-type="fn"}   1.29 (0.86--1.95)                                          1.67 (1.50--1.85)[d](#jah33298-note-0013){ref-type="fn"}
  Hypertension                                             1.30 (1.09--1.54)[d](#jah33298-note-0013){ref-type="fn"}   1.23 (1.06--1.43)[d](#jah33298-note-0013){ref-type="fn"}   1.25 (1.21--1.30)[d](#jah33298-note-0013){ref-type="fn"}   1.13 (0.92--1.38)                                          1.18 (0.81--1.70)                                          1.25 (1.21--1.29)[d](#jah33298-note-0013){ref-type="fn"}
  Age (≥75 y)                                              1.32 (1.08--1.62)[d](#jah33298-note-0013){ref-type="fn"}   1.41 (1.28--1.56)[d](#jah33298-note-0013){ref-type="fn"}   2.40 (2.29--2.51)[d](#jah33298-note-0013){ref-type="fn"}   1.44 (1.18--1.76)[d](#jah33298-note-0013){ref-type="fn"}   1.99 (1.67--2.38)[d](#jah33298-note-0013){ref-type="fn"}   1.68 (1.25--2.26)[d](#jah33298-note-0013){ref-type="fn"}
  Diabetes mellitus                                        1.54 (1.33--1.79)[d](#jah33298-note-0013){ref-type="fn"}   1.26 (1.17--1.37)[d](#jah33298-note-0013){ref-type="fn"}   1.28 (1.23--1.34)[d](#jah33298-note-0013){ref-type="fn"}   1.09 (0.91--1.30)                                          ···                                                        1.29 (1.19--1.40)[d](#jah33298-note-0013){ref-type="fn"}
  Stroke                                                   1.69 (1.32--2.16)[d](#jah33298-note-0013){ref-type="fn"}   1.42 (1.25--1.62)[d](#jah33298-note-0013){ref-type="fn"}   1.86 (1.76--1.96)[d](#jah33298-note-0013){ref-type="fn"}   1.72 (1.34--2.21)[d](#jah33298-note-0013){ref-type="fn"}   0.69 (0.29--1.67)                                          1.62 (1.36--1.92)[d](#jah33298-note-0013){ref-type="fn"}
  CABG                                                     1.42 (1.14--1.78)[d](#jah33298-note-0013){ref-type="fn"}   0.87 (0.80--0.95)                                          1.14 (1.02--1.27)[d](#jah33298-note-0013){ref-type="fn"}   0.86 (0.51--1.44)                                          1.56 (1.17--2.10)[d](#jah33298-note-0013){ref-type="fn"}   1.15 (0.92--1.43)
  Peripheral artery disease                                1.34 (1.08--1.67)[d](#jah33298-note-0013){ref-type="fn"}   1.34 (1.24--1.46)[d](#jah33298-note-0013){ref-type="fn"}   1.55 (1.46--1.65)[d](#jah33298-note-0013){ref-type="fn"}   1.34 (0.88--2.05)                                          1.34 (1.04--1.71)[d](#jah33298-note-0013){ref-type="fn"}   1.42 (1.29--1.56)[d](#jah33298-note-0013){ref-type="fn"}
  Kidney dysfunction                                       0.90 (0.77--1.06)                                          1.34 (1.24--1.46)[d](#jah33298-note-0013){ref-type="fn"}   1.71 (1.63--1.80)[d](#jah33298-note-0013){ref-type="fn"}   1.26 (0.92--1.74)                                          1.47 (1.22--1.77)[d](#jah33298-note-0013){ref-type="fn"}   1.32 (1.06--1.64)[d](#jah33298-note-0013){ref-type="fn"}
  Current smoking[e](#jah33298-note-0014){ref-type="fn"}   0.91 (0.73--1.14)                                          NA                                                         NA                                                         1.14 (0.96--1.35)                                          1.03 (0.81--1.32)                                          1.04 (0.91--1.19)

All predictors listed in table were included in a Cox proportional hazards model estimating the association between TRS2°P components and composite cardiovascular death, myocardial infarction, or ischemic stroke. ARIC indicates Atherosclerosis Risk in Communities; CABG, coronary artery bypass graft; CI, confidence interval; HR, hazard ratio; KHS, Korean Heart Study; MACE, major adverse cardiovascular event; NA, not available; NZDCS, New Zealand Diabetes Cohort Study; RCAV, Racial and Cardiovascular Risk Anomalies in CKD Cohort; SCREAM, Stockholm Creatinine Measurements Cohort; TRA2°P‐TIMI50, Thrombin Receptor Antagonist in Secondary Prevention of Atherothrombotic Ischemic Event‐TIMI50.

RCAV does not have cardiovascular death data, so all cause is reflected.

All NZDCS participants had a diagnosis of diabetes mellitus according to their primary care provider.

Estimated using a random effects meta‐analysis.

*P*‐value \<0.05.

RCAV and SCREAM do not have smoking data.

John Wiley & Sons, Ltd

Discussion {#jah33298-sec-0019}
==========

We evaluated the predictive performance of TRS2°P, a simple scoring system with 9 routine clinical factors predicting 3‐year prognosis after recent MI, in 5 cohorts outside of a clinical trial setting from 4 countries with different demographic and clinical characteristics, and subsequently different adverse outcome event rates. Our cohorts tended to have higher scores than the original TRA2°P--TIMI50 population.[10](#jah33298-bib-0010){ref-type="ref"} Despite these demographic and clinical variations, we confirmed that higher TRS2°P was consistently associated with higher risk of MACE, indicating reasonable risk discrimination, with C‐statistics ranging from 0.60 to 0.69 in most studies, which are comparable with those originally reported in the derivation data set of TRS2°P. Although we recognized a few caveats of underestimation of absolute risk of MACE by TRS2°P in all 5 cohorts and suboptimal discrimination in a South Korean study, TRS2°P demonstrated decent risk prediction among patients with MI in diverse clinical and regional settings. Of the 9 predictors, our meta‐analysis confirmed 7 (heart failure, hypertension, age ≥75 years, diabetes mellitus, stroke, peripheral artery disease, and kidney dysfunction) as significant risk factors; we did not find significant risk associated with current smoking and CABG overall.

The most common scores in our cohorts were either 2 or 3, whereas a score of 1 was most prevalent in the original TRA2°P--TIMI50.[10](#jah33298-bib-0010){ref-type="ref"} We observed higher TRS2°P scores in our cohorts, despite the lack of smoking information in 2 cohorts. Our observation may not be surprising since clinical trials often enroll selected healthier populations because of stringent inclusion and exclusion criteria.[21](#jah33298-bib-0021){ref-type="ref"} Indeed, compared with patients in TRA2°P--TIMI50, participants in our 5 cohorts were older and more likely to have comorbidities (eg, much higher prevalence of peripheral artery disease in RCAV and current smoking in KHS).

The difference in characteristics between our cohorts and TRA2°P--TIMI50 may be important in explaining why TRS2°P tended to underestimate the risk of an adverse outcome in our cohorts. For example, RCAV in our study had a higher prevalence of comorbidities, as noted above, as well as higher incidence of cardiovascular outcomes than TRA2°P--TIMI50.[10](#jah33298-bib-0010){ref-type="ref"} Indeed, when clinical trials were investigated, TRS2°P demonstrated good calibration for secondary adverse outcome.[22](#jah33298-bib-0022){ref-type="ref"} Also, we should keep in mind that TRA2°P--TIMI50 used adjudicated outcomes, whereas some of our cohorts relied on discharge diagnosis to identify MACE. Nonetheless, the Brier score, a measure of overall model performance, ranged from 0.144 to 0.173 across 5 studies, while the Brier score in the TRA2°P--TIMI50 was 0.098.[10](#jah33298-bib-0010){ref-type="ref"} Although we should keep in mind the tendency of underestimation in real‐world cohorts, overall, TRS2°P demonstrated decent risk prediction among patients with recent MI in international non--clinical trial settings, despite its simple scoring system.

Since the issue of calibration may be fixable by recalibration,[23](#jah33298-bib-0023){ref-type="ref"} as seen in some of our cohorts, discrimination ability is essential for risk prediction.[24](#jah33298-bib-0024){ref-type="ref"} In our study, the ability of TRS2°P to discriminate the risk of subsequent cardiovascular outcomes among patients with MI was reasonably good. Four cohorts from the United States, Sweden, and New Zealand showed C‐statistics around 0.61 to 0.69, which are largely comparable to the original C‐statistic in TRA2°P--TIMI50 of 0.67.[10](#jah33298-bib-0010){ref-type="ref"} This may reflect the fact that the relative risk for a key risk factor is often generally consistent across different clinical and geographic settings,[25](#jah33298-bib-0025){ref-type="ref"}, [26](#jah33298-bib-0026){ref-type="ref"} since discrimination reflects the strength of relative risk relationship. Therefore, TRS2°P seems particularly useful in stratifying patients into risk categories (as shown in Figure [3](#jah33298-fig-0003){ref-type="fig"}) rather than predicting the absolute risk of having an adverse outcome. Nonetheless, unlike primary prevention therapy (eg, statin therapy in 10‐year risk of incident atherosclerotic cardiovascular disease ≥7.5%),[27](#jah33298-bib-0027){ref-type="ref"} to our knowledge, there are no established long‐term risk thresholds influencing secondary prevention therapy among patients with MI. Thus, once such a threshold is established for some specific treatments in the future among MI patients, TRS2°P should be tested in the context of that specific threshold.

The suboptimal discrimination of TRS2°P in a Korean cohort in our study may deserve some discussion. The low prevalence of heart failure, one of the strongest predictor in TRS2°P, might be related to this observation. Regarding the lack of association between diabetes mellitus and MACE in our Korean cohort, a previous study from the Korean MI registry showed similar results from our Korean cohort and indicates a potentially unique risk factor profile in Korean patients with MI.[28](#jah33298-bib-0028){ref-type="ref"} In addition, a relatively high proportion of censoring within 3 years in this cohort might play a role as well. Also, it seems worth recognizing that TRA2°P--TIMI50 did not include patients from Korea, although it included some patients from other East Asian countries such as Japan and China. Nonetheless, future investigations are warranted because it is critical to develop or validate prediction models for post‐MI patients in Asia.

In terms of each of the 9 predictors in TRS2°P, the meta‐analyzed hazard ratio in our study was similar to the hazard ratio in TRA2°P‐TIMI50 for the following 7 risk factors: heart failure, hypertension, age, diabetes mellitus, stroke, peripheral artery disease, and kidney dysfunction. These clinical and demographic factors have been recognized as important risk factors among patients with MI in clinical guidelines.[29](#jah33298-bib-0029){ref-type="ref"} Moreover, these risk factors are incorporated in a number of risk prediction models for patients with MI.[6](#jah33298-bib-0006){ref-type="ref"}, [7](#jah33298-bib-0007){ref-type="ref"}, [28](#jah33298-bib-0028){ref-type="ref"}, [30](#jah33298-bib-0030){ref-type="ref"}, [31](#jah33298-bib-0031){ref-type="ref"}, [32](#jah33298-bib-0032){ref-type="ref"}, [33](#jah33298-bib-0033){ref-type="ref"}, [34](#jah33298-bib-0034){ref-type="ref"}

In contrast, current smoking and CABG were not evidently associated with adverse outcomes after MI in our meta‐analysis. For current smoking, interestingly, a few studies reported that their presence (together with other traditional atherosclerotic risk factors such as dyslipidemia) was counterintuitively associated with better prognosis among patients with MI.[35](#jah33298-bib-0035){ref-type="ref"}, [36](#jah33298-bib-0036){ref-type="ref"}, [37](#jah33298-bib-0037){ref-type="ref"} Although the exact reasons are not clear, investigators from those studies made several speculations. For example, there may be misclassification of those factors after MI. Specifically, patients with cardiovascular disease may incorrectly self‐report smoking status since they are under the pressure to quit smoking.[38](#jah33298-bib-0038){ref-type="ref"} For CABG, several trials have shown its survival benefits compared with percutaneous revascularization or medical treatments in patients with severe coronary heart disease.[39](#jah33298-bib-0039){ref-type="ref"}, [40](#jah33298-bib-0040){ref-type="ref"}, [41](#jah33298-bib-0041){ref-type="ref"} Thus, the prognostic value of CABG may depend on patient characteristics. Also, it is noteworthy that prior CABG was significantly associated with increased risk of MACE in 3 out of 5 cohorts.

Our study has several clinical implications. First, TRS2°P seems generally useful to classify 3‐year risk among patients with recent MI in a broad range of clinical settings. Although there are a few validated risk stratification tools (eg, GRACE score and TIMI risk score) for patients with acute coronary syndrome,[30](#jah33298-bib-0030){ref-type="ref"}, [31](#jah33298-bib-0031){ref-type="ref"} most of these mainly aim to predict short‐term risk (eg, in‐hospital or 14‐day) to make the decision of urgent revascularization.[42](#jah33298-bib-0042){ref-type="ref"}, [43](#jah33298-bib-0043){ref-type="ref"} Therefore, if the goal is to estimate longer‐term risk over a few years, TRS2°P would be a reasonable option. While more complex models (eg, equation‐based models including alternative parameterization of TRS2°P predictors[44](#jah33298-bib-0044){ref-type="ref"} or dynamic models using time‐varying electronic health records[45](#jah33298-bib-0045){ref-type="ref"}) would outperform TRS2°P for accurately predicting the risk, its simple scoring system will help healthcare providers easily acknowledge the risk of patients based on patients' clinical conditions without using a computer‐based risk calculator. This simple scoring system may be used even in low resource settings, although this concept should be tested in low resource settings since our 5 cohorts are from high‐income countries.

Second, since TRS2°P tended to underestimate the risk of adverse outcomes in our setting, in case a more precise absolute risk estimate is needed for clinical decisions, some kind of recalibration, as we demonstrated, may be needed for personalized clinical decisions. Finally, TRS2°P demonstrated decent risk prediction even among studies without data on smoking. Although it is definitely important for healthcare providers to assess smoking status in daily clinical practice, data availability of smoking status in clinical database studies has been challenging.[46](#jah33298-bib-0046){ref-type="ref"}, [47](#jah33298-bib-0047){ref-type="ref"} In this context, our results suggest that TRS2°P without smoking data may still be useful to identify high‐risk patients with recent MI to be targeted for research or health promotion.

Our study has several limitations. First, although we did our best to standardize variable definitions across cohorts, heterogeneity still remained, as noted above. Specifically, some cohorts lacked information on smoking status and cardiovascular death. From another point of view, decent prediction performance of TRS2°P in most studies despite this limitation seems to indicate its potential generalizability in broad settings. Second, measurement of the 9 predictors and ascertainment of outcomes were not necessarily standardized in all cohorts. Third, black patients in this analysis were only from the 2 US cohorts, so generalizing to diverse populations should be done with caution. Fourth, information on ST‐elevation versus non‐ST--elevation MI was not available in every cohort, and thus whether the performance of TRS2°P differs in these 2 types of MI is yet to be investigated. Nonetheless, TRS2°P was developed from data without differentiating MI types. Finally, since we were limited with only 1 or 2 cohorts from a country or region, we cannot differentiate study‐specific versus country/region‐specific results related to local practice.

In conclusion, TRS2°P reasonably predicted secondary events among patients with recent MI in international non--clinical trial settings, with some caveats to be explored in future studies (eg, general underestimation of the risk of adverse outcomes and suboptimal discrimination in a Korean cohort). Particularly given its simple feature of a 0 to 9 scoring system with routinely collected variables, TRS2°P may be considered for classifying the prognosis and to guide risk‐centered management among patients with recent MI.
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